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The impact of client characteristics on the time and cost performance of 
collaborative infrastructure projects 
 
Abstract 
Purpose 
Collaboration is thought to offer significant benefits over traditional contracts, however there 
is little existing research concerning how these benefits can be optimized. To address this gap, 
a survey investigated the impact of client characteristics on the time and cost efficiency of 
collaborative infrastructure projects. 
 
Design/methodology/approach  
The survey of experienced senior practitioners of Australian collaborative infrastructure 
projects yielded 320 valid responses. Cluster analysis, one-way between group ANOVA tests 
and independent sample t-tests were used to confirm that three client characteristics are 
critical to time and cost performance: (1) client sector (public/private), (2) client experience 
with asset procurement, and (3) client approach to price competition). 
 
Findings  
Projects procured by experienced private sector clients were found to meet targeted levels of 
performance, regardless of their approach to team selection. Among projects procured by 
experienced public sector clients, groups of relatively low and high performing projects could 
be distinguished, regardless of their approach to team selection. Projects run by teams 
selected competitively on non-price criteria prior to the pricing stage exhibited significantly 
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better performance than those run by teams that competed on the price of the project to win 
the work.  
Research limitations/implications  
This study focused only on analysis of three client characteristics. Future research may 
consider a broader range of contextual variables. Results are based on perceptual data rather 
than objective data.  
 
Practical implications  
The findings show collaborative infrastructure clients in the construction sector should be less 
concerned about inexperience than they might have been, and more interested in single-team 
selection approaches than they might have been. 
 
Originality/value 
The results indicate significant performance differences between client types. In particular, 
experienced public sector clients had more polarised performance outcomes, compared to the 
private sector.    
 
Key words: Collaborative projects, time efficiency, cost efficiency, price competitiveness, 
client characteristics, procurement, infrastructure, Australia.     
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Introduction  
Collaborative procurement models are gaining increasing popularity in developed countries 
due to their superior performance compared to traditional models (Hartmann and Bresnen 
2011; Kent and Becerik-Gerber 2010; NASFA et al. 2010; Bresnen 2010; Chan, Chan and 
Yeung 2010; Song, Mohamed and AbouRizk 2009; Asmar, Hanna and Loh 2015). They are 
continually evolving in response to changing market conditions (Mignot 2012; Kelly 2011; 
Davis and Walker 2009). This is especially so in Australia, where they have been used 
intensively over the past 15 years as a means of more adequately managing complex 
infrastructure projects (Kelly 2011; Love, Mistry and Davis 2010; Hauck et al. 2004; 
Morwood, Scott and Pitcher 2008; Davis and Love 2011).  
 
The literature suggests that many factors have a large impact on time and cost outcomes. As 
discussed in the next section, these include supply-chain relationships, site conditions, 
regulation, risk, complexity, and client characteristics among others (Morwood, Scott and 
Pitcher 2008; Rahman and Kumaraswamy 2008; Department of Infrastructure and Transport 
2011; Lai, Wang and Wang 2008; Loosemore 2014). The focus of this paper is on client 
characteristics, given the controversy surrounding their impact and the lack of previous 
research in this area (Ross 2008; Morwood, Scott and Pitcher 2008; Kelly 2011).  
 
The role of clients is considered significant in the infrastructure industry because they choose 
the type of procurement model which will be employed to deliver large custom-built assets 
(Osipova and Eriksson 2011). The choice of procurement model has a major impact on 
project outcomes, through the governance mechanisms chosen to organize work, shape the 
scope for goal achievement and determine innovation potential (Chen and Manley 2014). 
Indeed, clients in this sector are seen as being responsible for championing innovation (Nam 
Karen Manley and Le Chen , (2016) "The impact of client characteristics on the time and cost performance of collaborative 
infrastructure projects", Engineering, Construction and Architectural Management , Vol. 23 Iss: 4, pp. 511 - 532  
 
4 
 
and Tatum 1997; Loosemore and Richard 2015). Further, the client is often directly involved 
in project delivery, particularly in collaborative models (Love, Mistry and Davis 2010). This 
situation is obviously very different to the passive role played by customers in the consumer 
goods industry, where an individual client has very little influence (Nam and Tatum 1997). 
On the other hand, the characteristics of the client organization are important in the 
infrastructure industry because these characteristics influence procurement choices and thus 
performance outcomes (Love, Mistry and Davis 2010) 
 
The next section describes how project performance varies depending on three key client 
characteristics: (1) client sector, (2) client experience and (3) client approach to price 
competition (Ross 2008; Morwood, Scott and Pitcher 2008; Department of Treasury and 
Finance 2009; Gibb and Isack 2001; Love, Mistry and Davis 2010; Manley 2006). It is the 
combined influence of these three characteristics that is thought to be most influential on 
performance, rather than the influence of individual factors (Department of Treasury and 
Finance 2011; Morwood, Scott and Pitcher 2008). While there is consensus in the literature 
that there is a relationship between client characteristics and project performance (Ross 2008; 
Morwood, Scott and Pitcher 2008; Department of Treasury and Finance 2009; Gibb and Isack 
2001; Love, Mistry and Davis 2010; Manley 2006), little empirical evidence has been 
gathered.  
To date, the literature has focused on 1) exploring the influence of individual client 
characteristics on performance, irrespective of the combined influenced of different client 
characteristics (Department of Treasury and Finance 2009; Ross 2008; Morwood, Scott and 
Pitcher 2008; Kelly 2011); and 2) assessing project performance, in particular time and cost 
efficiency, irrespective of client characteristics (Ross 2008; Lahdenperä 2012). The literature 
does not clearly identify the impact of client characteristics on performance.  
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Further to this, existing research is largely inductive. In the construction management 
literature, most of the empirical evidence has been derived from case studies (Hauck et al. 
2004; Love, Mistry and Davis 2010; Rose and Manley 2012; Love et al. 2011). Information 
presented in industry publications has been primarily based on the experience of individual 
project practitioners (Morwood, Scott and Pitcher 2008; Ross 2008; Kelly 2011). The findings 
of these studies cannot be generalized across a range of circumstances, thus limiting the 
extent to which practitioners can apply the learnings to new collaborative projects. 
Statistically robust evidence is lacking, in particular on client characteristics and their 
associated project performance outcomes. The contradictions and uncertainty in the literature 
have resulted in confusion as to the influence of client characteristics on project performance 
(Ross 2008; Department of Treasury and Finance 2009; Kelly 2011). The debate is 
particularly intensive in relation to the impacts on time and cost efficiency performance (Ross 
2008; Department of Infrastructure and Transport 2011).  
 
These knowledge gaps are particularly important as clients globally are showing increasing 
interest in the use of collaborative construction projects to improve performance (Song, 
Mohamed and AbouRizk 2009; Scheepbouwer and Humphries 2011; Kent and Becerik-
Gerber 2010; Lahdenperä 2012; Rahman and Kumaraswamy 2012). This paper responds with 
a large-scale quantitative survey of collaborative construction managers in Australia. This is 
an important country to study, as Australia has extensive experience with collaborative 
contracting (Morwood, Scott and Pitcher 2008; Department of Treasury and Finance 2009; 
Kelly 2011; Love et al. 2011; Davis and Love 2011; Hauck et al. 2004), offering a large 
population of experienced practitioners.  
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The following two research objectives are explored: 1) to identify which combinations of 
client sector, client experience and client approach to price competition are occurring in 
Australian infrastructure procurement; and 2) to identify the time and cost efficiency 
performance associated with these client groups.  
 
Background  
This section examines (1) collaborative contracting, (2) project performance drivers and (3) 
the influence of client characteristics. 
 
Overview of collaborative Procurement 
Collaborative procurement models  are typically not tightly structured, so they have thrived in 
more open and less class oriented cultures, such as Australia (Kelly 2011). A diverse array of 
collaborative procurement models have been applied across hundreds of large projects in 
Australia (Kelly 2011). The project alliancing model alone has been used to deliver about 500 
public infrastructure projects, representing one-third of the total value of the public sector 
projects, from the late 1990s to 2007  (Kelly 2011; Morwood, Scott and Pitcher 2008).  
 
Since 2008, a wide range of new procurement models have emerged in response to the 
challenges triggered by the global financial crisis and the associated pressure to improve 
value-for-money in project delivery (Department of Treasury and Finance 2009). Examples of 
the new models include price-competitive project alliancing, early contractor involvement, 
early tender involvement, and preferred tender contracts (Mignot 2012; Kelly 2011). Whilst 
these models are similar to traditional project alliances in the way they involve contractors 
early in the design phase, they differ significantly from the traditional alliance model in the 
way the construction team is selected and in the treatment of risk (Edwards 2009).  On the 
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other hand, there is a new model emerging in the United States which is very similar to 
project alliances in these respects; this is called Integrated Project Delivery (Lahdenperä 
2012; Asmar, Hanna and Loh 2013; Aapaoja et al. 2013). In all these models, the role of the 
client is significant due to their involvement in collaborating with service providers over the 
life of the project.  
 
Project Performance Drivers 
In the literature, a wide range of possible performance indicators are considered for 
construction projects, including time, cost, quality, safety, environment, service delivery, 
stakeholder engagement, investment return, defect minimization, dispute avoidance and 
innovation (Langston 2014), Time and cost are two of the main performance outcomes 
considered in the literature, with cost often being seen as an outcome of project duration 
(time) (Lai, Wang and Wang 2008). The drivers of project budget have been usefully 
organized into five categories in a recent and authoritative theoretical paper (Lai, Wang and 
Wang 2008). Such categories comprise (1) project, (2) environment, (3) regulation, (4) 
planning and (5) estimation.  The scope of the current paper is limited to a subset of project 
conditions. In the cited paper, three relevant project conditions are listed: complexity, 
duration, and owner’s experience. The cited paper justifies the current paper’s focus on 
time/cost and client experience, but it doesn’t cover client sector, as the paper is limited to 
public sector projects, nor does it consider client approach to price competition, as it is only 
concerned with budget formulation, omitting consideration of procurement options.   
 
Another recent paper canvases the factors that upset time and cost control, through a study of 
250 project organisations in the UK (Olawale and Sun 2010). The top 10 context factors 
impacting project budget were found to be (1) design changes, (2) project risk, (3) inaccurate 
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duration estimation, (4) non-performance of subcontractors and suppliers, (5) complexity of 
works, (6) team conflict, (7) discrepancies in contract documentation, (8) disagreement 
around contract interpretation, (9) price inflation and (10) payment for completed works.  Not 
surprisingly, collaborative contracting is undertaken to better manage challenges such as these 
in order to reduce cost escalation through variations (Nevan and Fergusson 2009). There are 
various forms of collaborative contracting, and these are differentiated by the governance 
mechanisms incorporated. It is argued that client characteristics drive procurement choices 
and thus influence time and cost outcomes through the impact on variations caused by factors 
such as those listed above.  
 
Client Roles, Client Types and Project Performance  
A recent review of construction management literature over the past three decades, identifies 
seven key roles played by clients on traditional construction projects, comprising (1) project 
initiation, (2) project design, (3) project control, (4) tendering and award, (5) information 
coordination, (6) facilities management and (7) standardization (Alharthi, Soetanto and 
Edum-Fotwe 2014). When collaborative projects are considered, additional roles are 
highlighted. For example, under Australian alliancing projects, a combined contractor-client 
management team is formed, where commitments and requirements are determined in a 
democratic fashion across a project’s life cycle (Walker, Hampson and Peters 2002; Love, 
Mistry and Davis 2010). In this environment, there is a strong focus on the client’s 
involvement with the wider supply chain to support innovation through experimentation in a 
‘no blame’ culture driven by mutual trust (Walker, Mills and Walker 2014; Ling et al. 2015; 
Fu et al. 2015).Collaborative projects encourage better team work between the client and 
other stakeholders (Hosseinian and Carmichael 2014). 
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The procurement model selected by the client will have an influence on how the client 
performs many of the above roles, consequently influencing performance. In turn, different 
types of clients make different choices about procurement models. For example, experienced 
public sector clients are more likely to use collaborative contracts with ‘no blame’ cultures  
(Beverley M. Lloyd-walker, Mills and Walker 2014; Walker, Harley and Mills 2015; 
Jefferies, Brewer and Gajendran 2014). 
 
It is difficult to find client typologies in the construction literature, but a recent article 
summarises contributions to date and identifies four broad dimensions of organizational 
clients (excluding individuals): (1) Sector – private or public, (2) Experience – yes/no, (3) 
Profile – primary client (construct asset) or secondary client (inhabit asset) and (4) Structure – 
functional or project-based (de Blois et al. 2011). The collaborative procurement literature 
focuses on the impact of two of these dimensions: client sector and client experience. The 
other two dimensions – client profile and client structure – were held constant in the current 
study, where all the clients are organisations with a primary profile and project-based 
structure. The impact of client approach to price competition is examined in the current study, 
given the importance of this characteristic in collaborative processes (Hughes, Williams and 
Ren 2012).  
 
Three Key Client Characteristics 
The study thus examines the impact of three key client characteristics: (1) client sector, (2) 
client experience and (3) client approach to price competition. These three factors are 
gathered together for analysis in key Australian government reports focused on procurement 
effectiveness (Department of Infrastructure and Transport 2011; Department of Treasury and 
Finance 2009). The three characteristics are often discussed as having an intertwined 
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influence on procurement choices and thus project outcomes. In particular, public sector 
clients are considered anecdotally to be more experienced in procuring major infrastructure 
assets, and are more likely to rely on price competition in awarding contracts, than private 
sector clients. Private sector procurement choices are considered more likely to stress 
collective cost estimation, than public sector choices.  
 
Government and industry stakeholders tend to argue over which is the best type of client, with 
some arguing that procurement experience is pivotal, while others argue that approach to 
price competition is more important (Kelly 2011; Liu et al. 2015) The same stakeholders 
disagree as to whether more price competition is better or worse for project outcomes 
(Tamburro and Wood 2014; Ross 2008). All stakeholders agree that the impact of client 
characteristics on project outcomes is through procurement choices, and in particular, the 
governance mechanisms incorporated. The current paper examines direct links between client 
characteristics and project outcomes. Planned research by the authors will look at the 
mediating role of governance mechanisms contained in procurement systems.  
 
A very recent robust empirical study based in China seeks to determine the most important 
construction client characteristics to procurement choices (Liu et al. 2015). That paper situates 
client characteristics as one of three core influences on procurement choice, the other two 
being project and environment characteristics. Five key client characteristics are identified – 
the client’s (1) responsibility for outcomes, (2) willingness to be involved in delivery, (3) 
internal technical capabilities, (4) approach to risk and (5) design input. 
 
The current paper’s focus on collaborative projects means that factors 1, 2, 3 and 5 are 
incorporated. Responsibility, willingness and design input are all part and parcel of 
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collaboration, while it is the absence of internal technical capabilities that makes the 
collaboration necessary. Factor 4 – the approach to risk – is captured in the current study 
under the approach to price competition. Ownership models aren’t relevant in China, so the 
influence of public versus private clients is not examined. Although the Chinese study looked 
at the impact of experience, it was found to be less important than the other core factors. As 
the scope of the current study captures most of those core factors as features of the study 
population, it is interesting to see what happens to the role of experience in this context.  
 
The current paper throws new light on the Australia debates and Chinese experience, but first 
the three characteristics examined here are unpacked in detail. 
 
Client sector (public vs. private sector clients): The literature shows that time and cost 
outcomes may vary between projects procured by public and private sector clients (Morwood, 
Scott and Pitcher 2008; Lenferink et al. 2012). For example, a UK survey of 59 major 
construction clients showed that private sector clients adopted a more active role on projects 
and had more influence over the selection of suppliers, than pubic clients (Gibb and Isack 
2001). A more recent comprehensive literature review of construction client roles found that 
private sector clients had more clear and stable procurement objectives compared to public 
clients  (Alharthi, Soetanto and Edum-Fotwe 2014).  
 
Case study evidence indicates that under the pressure to provide returns to shareholders, some 
private sector clients tend to focus on collective cost estimation, and take a rigorous approach 
in the development of business cases (Kelly 2011; Morwood, Scott and Pitcher 2008). They 
take into account all costs and revenue flows in developing financial models (Miller et al. 
2009). The quality of business cases produced by knowledgeable private clients is likely to be 
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superior to that of public sector agencies where the proponent has less experience in the area 
(Miller et al. 2009). In addition, private sector clients seem to favor a sole source or single 
tenderer selection to allow in-depth collaboration through design and construction (Ross 
2008), which is different from the typically highly price competitive strategies of public 
sector clients (Department of Infrastructure and Transport 2011). Such contributions suggest 
possible triggers for performance differences. The current study will provide quantitative 
evidence about the impact of client sector. 
 
Client experience with asset procurement (experienced vs. inexperienced): The literature 
implies that client organizations with different levels of experience in asset procurement will 
have different time and cost outcomes (Manley 2006; Hartmann, Davies and Frederiksen 
2010; Love et al. 2011). For example, an exhaustive quantitative study has determined that 
‘project owner experience’ has a significant impact on project budget (Lai, Wang and Wang 
2008). This variable is treated as dichotomous in the present study, as it was in the cited 
study. The current study fills a gap in the literature by going beyond project budget to 
consider the impact of experience on time and cost outcomes. Further, the role of experience 
alongside other client characteristics is considered for the first time.  
 
Client approach to price competition: Clients’ have different approaches to team selection 
with varying emphasis on price and attribute competition. Attribute competition is defined 
here as competing on non-price criteria such as innovation and safety history. Regardless, the 
literature focuses on the role of price competition, which is reflected in the number of teams 
involved in the pricing stage (Edwards 2009; Lahdenperä 2010; Department of Infrastructure 
and Transport 2011; Love et al. 2011). The more teams involved, the greater the intensity of 
price competition. The time and cost effect of different degrees of price competition is 
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debated in the literature (Department of Infrastructure and Transport 2011; Kelly 2011; 
Department of Treasury and Finance 2009).  
 
Some commentators believe price competition creates sufficient incentive to achieve cost-
effective pricing that will benefit the client (Department of Infrastructure and Transport 2011; 
Department of Treasury and Finance 2009; Edwards 2009). Others highlight that high prices, 
through variations, have accompanied conventional price-based team selection, and argue that 
price competition may compromise the collaboration in the early stages of a project (Ross 
2008; Morwood, Scott and Pitcher 2008). They believe attribute competition and selection 
prior to the pricing stage enhances trust and sharing of intellectual property to produce better 
results (Ross 2008; Morwood, Scott and Pitcher 2008). The current study fills a gap in the 
literature by providing important quantitative evidence on the impact of client approaches to 
price competition. 
 
Methods  
Study Population 
Data for this study was gathered through a quantitative survey, completed in 2013, to examine 
the performance of collaborative infrastructure projects in Australia. The survey posed a 
series of questions to characterize the nature of the respondents, and to elicit the opinion of 
each respondent on the performance of a recent or soon to be completed collaborative project 
with which they had been involved. The survey was distributed to the contact database of the 
Alliancing Association of Australasia (AAA) which represented Australian and New Zealand 
construction managers with an interest in collaborative contracting.  
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Despite the Association’s name, its database comprises all stakeholders in all types of major 
collaborative contracts. Mostly these are alliances, but there is also a significant 
representation of other contract types which include collaborative features. Table 1 shows the 
distribution of collaborative project types covered by the study.  
 
The database formed a population of 1688 prospective respondents, comprising construction 
managers representing public and private sector clients, contractors, consultants and suppliers. 
Surveys were sent to the entire population, such that a census of all stakeholders in major 
collaborative infrastructure projects was undertaken, as the database is considered by 
Australian practitioners to capture all stakeholders with significant experience in collaborative 
contracts in that country. Although a small proportion (< 3%) of the population was based in 
New Zealand, the vast majority comprised Australian-based construction managers, such that 
the present study is referred to as being based on Australia.  
 
Pilot Study 
Following the advice of Neuman (2003), a pilot study was carried out to (1) confirm the 
importance of three key client characteristics indicated by the literature to project outcomes; 
(2) evaluate the clarity and relevance of the survey to the target respondents thus reducing 
response bias; and (3) to ensure the face validity of the measurement variables. Practitioners 
of collaborative contracting were first invited to test the pilot survey at the 2012 Annual AAA 
Convention; formal written feedback was received from eight participants, and additional 
informal verbal feedback was received from 12 participants. Detailed interviews were 
subsequently conducted with two expert practitioners. Finally, feedback was received from 
eight academics. These investigations confirmed the importance of the three identified client 
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characteristics and resulted in minor refinements of expression, organization and scope to 
improve the functionality and face validity of the electronic survey instrument.  
 
Fieldwork Integrity 
Following the pilot testing process, the survey was distributed by email as a link to an online 
form, and was open for response for a period of three months. Reminder emails were 
dispatched throughout this period so as to prompt responses and maximize participation in the 
study. Following the advice of Neuman (2003) and Lindner et al. (2001) this procedure 
helped to reduce non-response error. At closure of the survey, 357 responses had been 
received, of which 37 invalid responses were eliminated. The 320 valid responses provided an 
overall response rate of 19%.  
 
Respondent Characteristics 
Table 1 presents the characteristics of the respondents and those of the recently completed 
projects to which their survey responses pertained. All respondents had worked on at least one 
collaborative project in the past few years. Table 1 shows that for 89% of respondents this 
was not their first collaborative project, with 17% having worked on 10 or more collaborative 
projects in their careers. Responses were approximately equally distributed between 
representatives of client, contractor and consultant organizations (34%, 34% and 31%, 
respectively), while sub-contractor and supplier organizations were infrequently represented. 
Overall, the data in Table 1 indicates that the responses gathered represent a broad cross 
section of participant organizations and collaborative project types, across a range of sectors 
and project values.  Further details about this survey have been reported in Chen and Manley 
(2014). 
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Table 1 Selected project and respondent characteristics identified in the survey 
Project & respondent characteristics n %   n % 
Client sector 
  
 Experience of client in asset 
procurement 
  
Public sector 276 86.3  Experienced  285 89.6 
Private sector  44 13.8  Inexperienced  33 10.4 
       
Type of contract    Project sector    
Project alliance 155 51.8  Road 113 38.0 
Program alliance 80 26.8  Water 89 30.0 
Early contractor involvement 27 9.0  Rail 52 17.5 
Design and construct with collaboration 16 5.4  Energy 14 4.7 
Cost plus incentive fee with collaboration 8 2.7  Building 10 3.4 
Early tender involvement 8 2.7  Mining 10 3.4 
Lump sum with collaboration 4 1.3  Oil & gas 4 1.3 
Other contracts with collaboration 1 0.3  Waste management 3 1.0 
    Defence 2 0.7 
Total Project Value (m = AUD million)       
< $5m 7 2.3  Type of organisation you 
worked for during the project: 
  
$5m to < $10m 3 1.0  Client 108 34.3 
$10m to < $50m 18 5.9  Contractor 106 33.7 
$50m to < $100m 41 13.5  Consultant 98 31.1 
$100m to < $500m 142 46.9  Supplier 2 0.6 
> $500m 92 30.4  Subcontractor 1 0.3 
a 
 Totals for each variable may not be equal, due to missing responses to some survey items. 
b Adapted from Chen and Manley (2014)  
 
Cluster analysis - identifying client groups 
One-way between group ANOVA tests and independent sample t-tests were conducted to 
determine whether cost and time efficiency differed significantly according to the variation in 
each of the individual client characteristics. The analysis showed there was no significant 
difference in performance outcomes that can be associated with the individual characteristics. 
This is consistent with the expectation established by academics and practitioners that the 
influence of client characteristics is interdependent (Morwood, Scott and Pitcher 2008; Ross 
2008). This also suggests it is difficult to capture the structure of the sample by using only one 
client characteristic at a time to define respondent groups. 
Karen Manley and Le Chen , (2016) "The impact of client characteristics on the time and cost performance of collaborative 
infrastructure projects", Engineering, Construction and Architectural Management , Vol. 23 Iss: 4, pp. 511 - 532  
 
17 
 
 
In order to identify the cost and time efficiency of client groups jointly defined by the three 
client characteristics, a method of data analysis was required that enabled an assessment of the 
simultaneous impact of these characteristics when occurring in specific combinations.  
 
In this instance, a method was required for grouping the data according to respondent 
characteristics, rather than identifying the underlying structure of the variables that measure 
the concepts (Hair et al. 1998), using both continuous and categorical data (Mooi and Sarstedt 
2011). Cluster analysis is considered the best approach to identify homogenous client groups 
in mixed data circumstances such as these, as supported by Mooi and Sarstedt (2011), Hair et 
al. (1998) and Ketchen and Shook (1996). This method has previously been used in 
construction specific studies (Dikmen, Birgonul and Budayan 2009; Tan, Shen and Langston 
2012), and has the advantage of performing the data reduction procedure objectively, 
providing more concise and understandable descriptions of the data than alternative methods, 
such as classification of respondents using single characteristics, with minimal loss of 
information (Hair et al. 1998).  
 
The clustering variables for this study were chosen to represent both 1) the client 
characteristics that are expected by academics and practitioners to be most significant to 
performance outcomes (client sector, client experience and client approach to price 
competition), and 2) time and cost efficiency, which are aspects of project performance 
intensively debated in the literature in terms of the influence from client characteristics 
(Department of Treasury and Finance 2009; Ross 2008; Morwood, Scott and Pitcher 2008). 
Thus, five clustering variables were selected.  The cluster analysis determined which 
combinations of these five variables were present in the data. The resulting clusters represent 
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groups of projects that share the ‘like characteristics’ defined by each of these combinations. 
The correlation coefficients between the three continuous clustering variables (i.e. ‘team 
selection’, ‘time efficiency’, and ‘cost efficiency’) were much lower than 0.70, hence co-
linearity among these clustering variables was not evident according to Mooi and Sarstedt 
(2011).  
 
In this study, two-step clustering was used to gain the benefits of both the hierarchical and 
partitioning (k-means) cluster methods (Hair et al. 1998; Mooi and Sarstedt 2011). The main 
advantage of two-step clustering is its capacity to handle categorical and continuous variables 
simultaneously (Mooi and Sarstedt 2011). IBM SPSS 20.0 was used to perform the two-step 
clustering procedures. Following the advice of Ketchen and Shook (1996), the cluster analysis 
was performed using both standardized and unstandardized continuous variables. Each 
method derived the same results. The smallest number of clusters indicated by the smallest 
Bayesian Information Criterion (BIC) value was selected as the clustering solution.  
 
Structure of the data  
The analysis considered the relationships between specific variables represented by the survey 
data. These variables can be defined as ‘internal’ or ‘external’ variables, from a cluster 
analysis perspective. The internal variables are the clustering variables. Other variables are 
considered to be external variables (non-clustering variables), and in this case include the 
project performance indicators other than time and cost efficiency. The external variables are 
theoretically related to the clusters, but are not used as clustering variables for defining the 
clusters (Ketchen and Shook 1996). The following explains how each of the variables is 
measured by the survey data, using measurement scales developed by Chen and Manley 
(2014). The survey questions related to the variables of the study are listed in Appendix A.  
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Project performance (internal and external variables): Project performance was categorized 
into eight indicators in the survey: time efficiency, cost efficiency, environmental impact, 
community impact, safety, innovation, team collaboration and quality of work. Time and cost 
efficiency outcomes are the focus of this paper. Thus time efficiency and cost efficiency were 
used as clustering variables. The other six performance indicators were used as external 
variables. Each performance indicator was measured by survey respondents indicating on a 7-
point Likert scale (1 = Substantially below target, 7 = substantially above target) the extent to 
which pre-agreed performance targets were achieved in their project.  The reliability and 
validity of the project performance scales were confirmed through both exploratory factor 
analysis and confirmatory factor analysis by the previous study (Chen and Manley 2014).  
 
Client approach to price competition (internal variable): This was measured through a 
continuous scale by considering the extent to which survey respondents agreed that the client 
selected only one service provider team to participate in the pricing stage. A 7-point Likert 
scale was used (1 = strongly disagree, 7 = strongly agree). Based on the expectations 
expressed through the literature and pilot study, this measurement scale was used to allow for 
various team selection approaches ranging from the selection of a single team, to the 
participation of two or more teams. This variable was used as a proxy for the extent of price 
competition, since more teams equate with more price competition. The extent of respondent 
agreement is taken to reflect the number of teams that participated and hence the degree of 
price competition.  
 
Client sector (internal variable): This was measured by a categorical scale: 1 = public sector 
client, and 2 = private sector client.  
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Client experience (internal variable): This was measured by a categorical scale: 1 = 
experienced client (client was experienced with asset procurement), and 2 = inexperienced 
client (client was inexperienced with asset procurement). 
 
Post-hoc analysis – identifying project performance within each client group 
A post-hoc analysis was conducted in order to confirm the validity of the clusters. This 
analysis involved two steps. The first step involved one-way between group ANOVA tests 
which indicate if there is a likely difference between the identified clusters in terms of time 
and cost efficiency perceived by the respondents, as well as client approach to price 
competition. ANOVA was chosen as the appropriate test as it is ubiquitously used in research 
to investigate differences between groups. As ANOVA doesn’t reveal significant differences, 
follow-up tests are typically conducted. In this case, t-tests were adopted because they are the 
universal test to compare two groups of numeric continuous values (Hair et al. 1998). The t-
tests were conducted between pairs of clusters on all performance indicators, including the 
variables that were not used to define the clusters (Ketchen and Shook 1996; Mooi and 
Sarstedt 2011). The non-clustering variables that were used were the indicators for 
performance criteria other than time and cost efficiency, comprising innovation, team 
collaboration, quality of work, environmental and community impact, and safety. The post-
hoc analysis fulfilled research objective 2. The analysis confirmed that the clusters exhibited 
high internal homogeneity and high external heterogeneity across both clustering and non-
clustering variables.  
 
Results and Discussion 
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The clustering solution 
The smallest number of clusters (six) indicated by the smallest BIC value was selected as the 
clustering solution, which is a fair solution, as indicated by silhouette measures of cohesion 
and separation (0.4). The six clusters exhibit high degrees of within-cluster homogeneity and 
between-cluster heterogeneity. The same cluster analysis procedures were performed on split 
samples to establish the reliability of the clustering solution (Ketchen and Shook 1996). The 
analyses conducted independently on each half of the sample both produced 6 clusters as 
well, with silhouette measures of cohesion and separation of 0.4 and 0.5 respectively, again 
indicating fair solutions. Table 2 presents the results of one-way ANOVA tests performed to 
compare the cluster means of the continuous clustering variables (team selection, time 
performance and cost performance) across clusters 1-6. The F-values in the right hand column 
were significant at a p < 0.001 level, thus indicating likely significant differences between 
clusters. There were 11 cases that failed to form into clusters due to the large proportions of 
missing data associated with clustering variables. 
Karen Manley and Le Chen , (2016) "The impact of client characteristics on the time and cost performance of collaborative infrastructure projects", Engineering, Construction and 
Architectural Management , Vol. 23 Iss: 4, pp. 511 - 532  
 
22 
 
 
Table 2 Characteristics of clusters   
 
 
Project segments derived from cluster analysisa 
 
Cluster Variables Cluster 1 
(n = 33) 
Cluster 2 
(n = 71 ) 
Cluster 3 
(n = 58) 
Custer 4 
(n = 32) 
Cluster 5 
(n = 35 ) 
Cluster 6 
(n = 80 ) 
Cases did not form cluster  
(n = 11) 
One-way 
ANOVA test 
F-valueb 
Client sector (%) Private sector  
(100%) 
Public sector 
(100%) 
Public sector 
(100%) 
Public sector 
(68.8%) 
Private sector 
(31.2%) 
Public sector 
(100%) 
Public sector 
(100%) 
Public sector (90.9%) 
Private sector (9.1%) 
- 
Client experience with asset 
procurement 
Experienced 
(100%) 
Experienced 
(100%) 
Experienced 
(100%) 
Inexperienced 
(100%) 
Experienced 
(100%) 
Experienced 
(100%) 
Experienced (72.7%) 
Inexperienced (9.1%) 
Missing (18.2%) 
- 
Client attitude to team 
selectionc 
[mean (st.)] 
Mixed Single team 
selection 
Single team 
selection 
Mixed Multiple team 
selection  
Multiple team 
selection 
Unclear  
 4.70 (2.56) 6.55 (0.88) 6.50 (1.01) 4.13 (2.42) 1.57 (0.95) 1.45 (0.83) 4.25 (3.20) 160.43b 
Performance outcomesd 
[mean (st.)] 
On target  
(Medium) 
Below target 
(Low) 
Above target 
(High) 
On target 
(Mixed) 
Below target  
(Low) 
 
Above target 
(High) 
Mixed  
Time efficiency 3.97 (1.38) 3.32 (1.23) 6.09 (0.98) 4.31 (1.62) 2.91 (0.85) 5.01 (1.09) 4.78 (1.72)  52.09b 
Cost efficiency 4.24 (1.32) 3.49 (1.50) 6.12 (0.88) 4.34 (1.73) 2.37 (0.73) 5.20 (1.06) 4.09 (1.76)  56.19b 
a Means and frequencies are reported.  
b F-values are significant at p < 0.001 level. 
c Mixed: mixed with projects where clients respectively used single or multiple team selection. 
d High: Above target. Medium: On Target. Low: Below target. Mixed: mixed with projects which achieved performance target and those performed above or below targets. 
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Identifying client groups 
Figure 1 shows that the clusters highlight distinctions between public and private sector 
clients; experienced and inexperienced clients; single and multiple teams in the pricing stage; 
and high and low degrees of time and cost performance. The cluster results relating to client 
sector, experience and team selection will be discussed briefly below. The cluster results 
relating to time and cost performance will be discussed in the next section. 
 
 
Figure 1 Classification of client groups  
 
The analysis found that 76.3% of the sample (clusters 2, 3, 5, 6) was represented by public 
sector clients that were experienced with asset procurement, whereas 10.3% (cluster 1) was 
represented by private sector clients that were experienced with asset procurement. A further 
10% (cluster 4) were represented by a mix of inexperienced public and private sector clients 
Projects procured by experienced public sector clients
High performance projects 
Multiple team 
selection
(High 
performance; 
Cluster 6)
Single team 
selection
(Higher 
performance: 
Cluster 3)
Low performance projects 
Multiple team 
selection
(Lower 
performance: 
Cluster 5)
Single team 
selection
(Low 
performance: 
Cluster 2)
Medium/ mixed 
performance projects 
Projects procured 
by experienced 
private sector 
clients
(Mixed team 
selection; Cluster 
1)
Projects procured 
by inexperienced 
private and public 
sector clients 
(Mixed team 
selection; Cluster 4)
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displaying mixed client and performance characteristics. That is, only a small portion of the 
collaborative infrastructure projects in the market were delivered by inexperienced clients that 
applied a range of team selection approaches, achieving a range of performance outcomes. 
The remaining 3.4% of sample could not be aggregated into clusters. The findings are in line 
with the arguments in the literature about the dominance of public sector projects in 
collaborative infrastructure market in Australia (Morwood, Scott and Pitcher 2008; Kelly 
2011). 
 
Responses were attributed a single or multiple team environment based on the mean Likert 
scale responses to the relevant survey statement: ‘the client selected only one service provider 
to participate in the pricing stage’, where responses approaching 1/7 indicated multiple 
service providers competed in the pricing stage, and responses approaching 7/7 indicated one 
service provider worked with the client in the pricing stage to determine the project cost. A 
single team approach (low price competition) was indicated by 40% of the sample (clusters 2 
and 3, exhibiting mean responses of 6.55 and 6.50 respectively), whereas 36% of the sample 
was distinguished by a multiple team approach (high price competition) (clusters 5 and 6, 
exhibiting mean responses of 1.57 and 1.45, respectively). Clusters 1 and 4 (20% of the 
sample) exhibited mixed approaches to team selection.  
 
Project performance of the identified client groups 
The cluster analysis identified the time and cost efficiency performance results associated 
with each cluster. Table 2 presents two low performance clusters (cluster 2 and 5), comprising 
33% of the sample, where respondents reported time and cost outcomes below target, as 
evidenced by mean Likert scale values less than 4.00. Table 2 also shows two high 
performance clusters (clusters 3 and 6), comprising 43% of the sample, where respondents 
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reported time and cost outcomes above target, as evidenced by mean Likert scale values 
greater than 5.00. Cluster 1 (10.3% of the sample) exhibited medium (at target) performance 
outcomes, and cluster 4 (10% of the sample) exhibited mixed performance outcomes.  
 
Performance differences between client groups 
Time and cost performance was compared between the clusters to: 
1) Confirm whether the performance differences that are descriptively reported between the 
high and low time and cost performance clusters are statistically significantly different;  
2) Confirm whether there are any statistically significant performance differences between 
public and private client clusters, and single and multiple team approaches. 
 
Independent sample t-tests were used to compare the mean values of the eight different 
performance criteria that were surveyed, between the different pairs of clusters. The 
discussion will focus on the analysis of time and cost performance differences; differences in 
the performance criteria for innovation, collaboration and sustainability will also be briefly 
considered as a means of validating the cluster analysis results. The t-test results are presented 
in Table 3.  
 
The time and cost performance comparison focuses on the projects procured by experienced 
clients, which are represented by clusters 1, 2, 3, 5, and 6;  these clusters account for 277 
(86.6%) of the 320 cases in the sample. This is a sufficient proportion of the sample to ensure 
the performance comparison and cluster validation results are representative and reliable. The 
inexperienced client cluster (cluster 4) is excluded from the post-hoc analysis as it is not 
feasible to make any meaningful comparisons with the other clusters due its mixed 
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characteristics. The 11 cases that failed to form into clusters were also excluded from the 
post-hoc analysis. 
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Table 3 Independent sample t-tests showing performance differences between the clusters 
Clusters in the comparison (indicated by cluster 
numbers) 
2 vs.3 5 vs.6 3 vs.6 2 vs.5 1 vs. 2 1 vs. 3 1 vs. 5 1 vs. 6 
Cluster number (n), mean values (M), Sig. (2-tailed) (S)* n M S n M S n M S n M S n M S n M S n M S n M S 
Project performance                         
Time and cost efficiency                         
Time efficiency 2 3.32 a 5 2.91 a 3 6.09 a 2 3.32 b 1 3.97 b 1 3.97 a 1 3.97 a 1 3.97 a 
  3 6.09  6 5.01  6 5.01  5 2.91  2 3.32  3 6.09  5 2.91  6 5.01  
Cost efficiency 2 3.49 a 5 2.37 a 3 6.12 a 2 3.49 a 1 4.24 b 1 4.24 a 1 4.24 a 1 4.24 a 
  3 6.12  6 5.20  6 5.20  5 2.37  2 3.49  3 6.12  5 2.37  6 5.20  
Innovation and collaboration                         
Innovation  2 5.27 a 5 4.59 a 3 6.05 a 2 5.27 b 1 4.94 c 1 4.94 a 1 4.94 c 1 4.94 c 
  3 6.05  6 5.34  6 5.34  5 4.59  2 5.27  3 6.05  5 4.59  6 5.34  
Team collaboration  2 5.38 a 5 4.29 a 3 6.16 a 2 5.38 b 1 4.61 b 1 4.61 a 1 4.61 c 1 4.61 b 
  3 6.16  6 5.39  6 5.39  5 4.29  2 5.38  3 6.16  5 4.29  6 5.39  
Quality of work 2 4.94 a 5 4.50 a 3 5.88 a 2 4.94 c 1 5.06 c 1 5.06 a 1 5.06 c 1 5.06 c 
  3 5.88  6 5.33  6 5.33  5 4.50  2 4.94  3 5.88  5 4.50  6 5.33  
Sustainable operation                          
Environment impact 2 5.15 a 5 4.69 a 3 6.09 b 2 5.15 c 1 5.19 c 1 5.19 a 1 5.19 c 1 5.19 c 
  3 6.09  6 5.59  6 5.59  5 4.69  2 5.15  3 6.09  5 4.69  6 5.59  
Community impact 2 5.41 a 5 4.80 b 3 6.17 a 2 5.41 c 1 5.00 c 1 5.00 a 1 5.00 c 1 5.00 b 
  3 6.17  6 5.54  6 5.54  5 4.80  2 5.41  3 6.17  5 4.80  6 5.54  
Safety  2 5.55 a 5 4.97 a 3 6.05 b 2 5.55 c 1 5.13 c 1 5.13 a 1 5.13 c 1 5.13 c 
  3 6.05  6 5.63  6 5.63  5 4.97  2 5.55  3 6.05  5 4.97  6 5.63  
* a: p < 0.01, b: p < 0.05 indicate significant difference was identified respectively at the 0.01 and 0.05 levels;  c: p > 0.05 indicates no significant difference was identified at the 0.05 level. 
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Comparison between high and low performance clusters (public clients) 
Independent sample t-tests were conducted between Clusters 2 and 3 to assess whether there 
was a significant difference between the high and low performing groups of projects, where 
the projects were procured by public clients in a single team scenario. Analysis via t-tests was 
also conducted between Clusters 5 and 6 to assess whether there was a significant difference 
between the high and low performing groups, where the projects were procured by public 
clients in a multiple team scenario. Table 3 confirms that in both cases, the time and cost 
performance between the high and low performing clusters within each pair were significantly 
different, at p < 0.01. 
 
Comparison between public and private client clusters  
Figure 1 shows that the only cluster of projects procured by experienced private sector clients 
is Cluster 1. This cluster exhibits mixed approaches to team selection and medium time and 
cost performance (whereby performance targets were met but not exceeded). Cluster 1 was 
compared with Clusters 2, 3, 5 and 6 to determine how the private client group compared with 
the public client groups. A comparison between Cluster 1 and Clusters 2 and 5 showed that 
private sector projects achieved significantly higher time and cost performance than the public 
sector projects that were identified in the ‘low’ and ‘lower’ performance clusters, regardless 
of which team approach was applied. Conversely, a comparison between Cluster 1 and 
Clusters 3 and 6 showed that private sector projects achieved significantly lower time and cost 
performance than the public sector projects that were identified in the ‘high’ and ‘higher’ 
performance clusters, regardless of which approach to team selection was applied. This is 
evidenced by the differences shown in Table 3 between the time and cost efficiency means of 
clusters 1 compared with 2, 3, 5 and 6, respectively, at a minimum significance of p < 0.05.   
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Comparison between single and multiple team clusters (experienced clients) 
Based on Table 3 it is possible to rank the performance of the clusters, as shown in Table 4.  
 
Clusters 6 and 3 were compared to assess whether there was a significant difference between 
their performance outcomes, which were rated ‘high’ and ‘higher’ respectively (see Table 4 
and Figure 1). Cluster 6 projects used multiple teams in the pricing stage, and Cluster 3 
projects used a single team in the pricing stage. All the projects were procured by experienced 
public clients. Similarly, Clusters 2 and 5 were compared to assess whether there was a 
significant difference between their performance outcomes, which were rated ‘low’ and 
‘lower’ respectively (see Table 4 and Figure 1). Cluster 2 projects used a single team in the 
pricing stage and Cluster 5 projects used multiple teams in the pricing stage. Again, all the 
projects were procured by experienced public clients. In both cases, single-team projects 
achieved significantly higher time and cost performance than multiple-team projects at p < 
0.05, as shown in Table 3. 
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Table 4 Performance ranking of clusters with projects procured by experienced clients 
Cluster No. Cluster description  Performance rank 
a
 
Cluster 3 Experienced public sector client; single team selection; high time and cost efficiency. 1: higher 
Cluster 6 Experienced public sector client; multiple team selection; high time and cost efficiency. 2: high 
Cluster 1 Experienced private sector client; mixed team selection; medium time and cost efficiency. 3
: 
Middle  
Cluster 2 Experienced public sector client; single team selection; low time and cost efficiency. 4: low 
Cluster 5 Experienced public sector client; multiple team selection; low time and cost efficiency. 5: lower 
Note:  
a
 Developed based on the t-test results in Table 3, which shows the time and cost performance of each cluster to be significantly different 
from the other clusters.   
 
 
Karen Manley and Le Chen , (2016) "The impact of client characteristics on the time and cost performance of collaborative 
infrastructure projects", Engineering, Construction and Architectural Management , Vol. 23 Iss: 4, pp. 511 - 532  
 
31 
 
Validation of the cluster analysis 
Independent t-tests were conducted between the same cluster pairs as described above for 
performance indicators other than time and cost, including innovation, team collaboration, 
quality of work, environmental and community impact, and safety. This was for the purpose 
of confirming or refuting the heterogeneity between clusters applies in relation to the non-
clustering variables as well as the clustering variables. Confirmation of significant differences 
here will further validate the integrity of the clusters identified by the cluster analysis. 
 
The results in Table 3 suggest that high time and cost efficiency clusters (3 & 6) achieved 
significantly better performance in all other performance areas than the low time and cost 
efficiency clusters (2 & 5). At the low time and cost efficiency level (clusters 2 & 5), the low 
price competitiveness projects achieved significantly better performance for the innovation 
and team collaboration measures. All performance indicators were significantly higher for 
public sector projects that exhibited high time and cost efficiency than for private sector 
projects. In summary, these results indicate there is enough heterogeneity between the clusters 
when applied to non-clustering (external) variables to validate the client groups identified by 
the cluster analysis, thus fulfilling research Objective 1.  
 
Conclusion 
The study has identified combinations of client sector, client experience and client approach 
to price competition occurring in the Australian infrastructure sector; revealed the perceived 
time and cost efficiency performance associated with these client groups based on the 
opinions of the practitioners who were experienced with collaborative project delivery; and 
identified the comparative differences in time and cost performance between the groups.   
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Theoretical implications 
The study identified that the performance of collaborative infrastructure projects varied 
significantly between different combinations of client characteristics. In particular, among 
projects procured by experienced public sector clients, those with one team in the pricing 
stage achieved better perceived performance than projects with multiple teams in the pricing 
stage.  
 
 Implications for industry practice  
The results suggest client organizations should acknowledge that the three client 
characteristics combine to influence project performance interdependently. Clients can use the 
results of this study to determine the client group to which they belong. The results show they 
should be less concerned about inexperience than they might have been, and more interested 
in single-team selection approaches than they might have been. 
 
Another important finding is about private versus public clients. The private sector client 
group met cost and time efficiency targets, falling in between the results for public sector 
projects, which were either over- or under-target. The results revealed more predictable cost 
and time efficiency outcomes for private sector projects. This suggests that the public sector 
might have something to learn from private sector business cases. 
 
Limitations and future studies 
This study focused only on analysis of three client characteristics, future research may 
consider a broader range of contextual variables. Further, projects procured by inexperienced 
clients were excluded from the analysis due to the complexity associated with the mixed 
characteristics of this group.  It could be beneficial to assess the performance heterogeneity 
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associated with more finely calibrated levels of client experience in asset procurement. At the 
same time, it would be instructive to expand the range of performance indicators considered 
beyond the current time and cost focus, with health and safety being on interesting 
progression, given recent work in this area showing enduring team fragmentation in 
collaborative projects (Manu et al. 2014). 
 
The current study is quantitative in nature and future work could usefully dig deeper with case 
studies. The outcomes of such work may well be maximized through the use Qualitative 
Comparative Analysis (QCA). This method has been gaining popularity across diverse fields 
in the last few years (Wikipedia 2015). QCA provides rigor to qualitative work by identifying 
clear cross-case patterns, while acknowledging the diversity of cases and examining their 
variable configurations, using the rules of logical inference (Rihoux and Ragin 2009). 
 
The results of the current paper are based on respondent perceptions, lacking the rigor of raw 
data. This approach was undertaken due to the extreme sensitivity regarding project 
performance information. For this reason, respondents were anonomous, which also 
precluded the collection of raw non-performance data after the survey. Steps were taken to 
reduce desirability bias by breaking the link between project outputs and inputs, through the 
use of disruptive question sequencing.  
 
The study should be replicated internationally to improve the generalizability of the findings. 
In the meantime, the results here provide a significant reference for the infrastructure sectors 
of other regions such as New Zealand, U.S., U.K. and some European nations, where 
collaborative procurement models have received increasing attention in recent years (Chan, 
Chan and Yeung 2010; Lahdenperä 2012; Kent and Becerik-Gerber 2010). Finally, the 
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findings have theoretical implications regarding economic rationalism versus the role of trust, 
in project performance. These issues warrant deeper exploration in future work. 
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Appendix A: Structure of survey measurement scales  
Variable Question statement Scales  
Project 
performance 
Please indicate the degree to which the 
collaborative project you described earlier 
achieved the agreed cost and non-cost 
performance targets (8 performance indicators 
considered: time efficiency; cost efficiency; 
quality of work; team collaboration; safety; 
environmental impact; community impact; 
innovation). 
1= Substantially below target;  
2= Moderately below target;  
3= Slightly below target;  
4= Target achieved;  
5= Slightly above target;  
6= Moderately above target;  
7= Substantially above target. 
Client attitude 
to team 
selection 
Please indicate the extent to which the following 
statement applies to the collaborative project you 
described earlier: "The client selected only one 
service provider to participate in the pricing 
stage." 
1= Strongly disagree;  
2= Moderately disagree;  
3= Disagree slightly;  
4= Neutral;  
5= Agree slightly;  
6= Moderately agree;  
7= Strongly agree. 
Client sector Please select one of the following options. 1= Public sector client;  
2= Private sector client. 
Client 
experience 
with asset 
procurement 
Please select one of the following options. 1= Client was experienced with asset 
procurement; 
2= Client was inexperienced with asset 
procurement. 
 
 
